Previous reports have suggested that clinical strains of gentamicin-resistant Pseudomonas aeruginosa (GRPA) generally produce only superficial infections (wounds, urinary tract infections) in contrast to their more invasive gentamicin-susceptible counterparts (GSPA). In view of this finding, a comparative study of a number of phenotypic properties of 20 GRPA and GSPA strains (10 isolates) was assessed to determine how closely related these two populations are and how their phenotypic properties might reflect virulence. GRPA isolates were found to be more adherent to buccal cells than their susceptible counterparts (P = 0.0001). Motility, however, was generally restricted in the GRPA population when compared with GSPA isolates (P = 0.02), although on the basis of zone diameters, some strains overlapped into the other group. Enzymatically, GSPA isolates produced significantly more lipase activity against C-14 lipids than GRPA strains (P = 0.04). No differences were recorded between the two populations in dye sensitivity or in their ability to grow on minimal media at 37 and 42°C. Only 35% of the GRPA isolates agglutinated in 1 of the 17 monospecific antisera reactive for P. aeruginosa. The results of this study suggest that in vivo-generated GRPA strains possess phenotypic properties intermediate between those described for in vitro-derived GRPA isolates and their progenitor GSPA strains. The increased adherence of clinical GRPA isolates to buccal cells may explain their predilection to produce wound and urinary tract infections, whereas their lack of systemic dissemination may be partially due to decreased motility and to reduced lipase production.
Infections caused by Pseudomonas aeruginosa, a major nosocomial pathogen, are often treated with aminoglycoside antibiotics either alone or in combination with other antimicrobial agents. One of several alarming trends witnessed relative to aminoglycoside therapy has been the increased resistance by P. aeruginosa to these antibiotics, particularly gentamicin. Such resistance is thought to be engendered by membrane impermeability or by plasmid-mediated adenylor acetyltransferase inactivation of gentamicin (8) . In several instances such resistance has been found to be directly proportional to the increased usage of gentamicin to treat P. aeruginosa infections (5, 15) .
Although a number of reports have documented gentamicin-resistant P. aeruginosa (GRPA) in outbreaks of urinary tract infections (10, 15) , Keys and Washington (10) suggested that GRPA may not be as virulent as their gentamicinsusceptible (GSPA) counterparts. Experiments with laboratory animals (rats) support this conclusion since GRPA isolates have been shown to be less virulent than GSPA strains (11) . In addition, a number of phenotypic properties have been ascribed to laboratory-generated GRPA isolates, including auxotrophy, lack of agglutination in monospecific antisera, changes in phage attachment sites, and increased adherence to human epithelial cells when compared with GSPA progenitor strains (3, 12) . All of these data suggest fundamental alterations to the outer membrane-cell wall of GRPA isolates.
Recently, we conducted a 1-year survey referable to the source and clinical correlates associated with GRPA (9). We found that most GRPA strains are usually colonizers or are associated with localized infections (e.g., urinary tract infections, superficial wounds). nal body sites was rare. In view of these findings, we compared phenotypic properties described for in vitro-generated GRPA isolates with those of clinically derived GRPA strains to determine relatedness between these two populations and how expression of these phenotypic properties might correlate with virulence.
MATERIALS AND METHODS Organisms. A total of 30 wound isolates of P. aeruginosa from patients at The Mount Sinai Hospital were collected. Twenty of the strains were resistant to gentamicin as determined by the Bauer-Kirby method (1) and a standard macrobroth procedure (19) . The isolates were identified as P. aeruginosa by the Corning N/F or API 20E systems or both. Both GRPA and GSPA strains were serotyped as previously described (18) with Difco (Liu) antiserum against the 17 known serotypes.
Adherence studies. Adherence studies were performed as previously described (4) RESULTS All GRPA strains were metabolically prototrophs as evidenced by their ability to grow on minimal medium both at 37 and 42'C and by their ability to oxidize glucose (Table 1 ). All strains tested uniformly oxidized mannitol but variably oxidized trehalose (61% positive) and cellobiose (20% positive). Adonitol, inositol, rhamnose, and sucrose were not oxidized.
Most of the GRPA strains apparently acquired their resistance through membrane impermeability (all gentamicin MICs were from 4 to 16 p.g/ml), since high-level gentamicin resistance (.32 ,ug/ml) is usually associated with transmissible R factors coding for gentamicin-inactivating enzymes (15) . In this regard, the sensitivity of these organisms to inhibition by various dyes known to highlight membrane defects in gram-negative bacteria was tested. No differences, however, in dye sensitivity among the GRPA or comparable GSPA strains were observed. Interestingly, though, 65% of the GRPA strains failed to agglutinate in the 17 monospecific Difco antisera, even after repeated testing with various antisera lots. Table 2 lists properties found to differ significantly between GRPA and GSPA populations. Resistant isolates were more adherent to buccal cells than their susceptible counterparts ( Fig. la and b) (P = 0.0001). Motility in the GRPA population was generally restricted when compared with the susceptible isolates (P = 0.02) although on the basis of zone diameters, some strains overlapped into the other group. Enzymatically, GSPA isolates were significantly more lipolytic against C-14 lipids than GRPA strains (P = 0.04) as determined semiquantitatively. Both GRPA and GSPA produced alkaline phosphatase, esterase, acid phosphatase, phosphoamidase, and lipase (C8) activities. Minor amounts of trypsin, alpha-galactosidase, and beta-glucosidase activity were present in some of the isolates. DISCUSSION
The results of this study suggest that in vivo-generated GRPA strains possess phenotypic properties intermediate between those described for in vitro-derived GRPA isolates and their progenitor GSPA strains. The clinically derived GRPA strains, when compared with GSPA isolates, demonstrated increased adherence to epithelial cells and reduced lipolytic activity and chemotactic motility. However, unlike in vitro-derived GRPA isolates, the clinical GRPA strains failed to demonstrate auxotrophy or alterations in glucose Comparison of property between GRPA and GSPA as a group. '*Adherence to buccal epithelial cells. oxidation or increased sensitivity to membrane-active differential dyes (3, 12, 20) .
Previous studies with the burned rat model have demonstrated that chemotactic motility along with proteolytic activity of P. aeriuginosa are important virulence factors in the post-colonization events of burn tissues leading to subsequent invasion with bacteremia and death (2, 7, 14, 16) .
Although the GRPA studied herein demonstrated a range of chemotactic motility which in some instances paralleled that of typical GSPA, the concomitance of decreased exoenzymatic activity (9) and potential changes in outer membrane components (6) leading to the increased adherence exhibited by GRPA may in fact modulate the role of chemotactic motility as a virulence factor among GRPA. Analogously, Liu (13) has postulated that phospholipase, because of its antisurfactant activity, may be an important determinant in P. aerulginosa-induced pneumonias. If one holds these assumptions to be correct, then the decreased virulence as manifested by a lack of systemic infection, for GRPA isolates seen in our institution, is potentially explained. After adherence and colonization, invasion (bacteremia) from localized sites requires elaboration of specific virulence factors before dissemination. GRPA isolates, however, lack in most instances a substantial degree of necessary factors (motility, lipase) required for invasion from wounds or other body sites, such as respiratory or genitourinary tracts. In addition, the increased adherence of GRPA to buccal cells when compared with GSPA strains suggests that these isolates would make excellent colonizers of epithelial surfaces. Adherence to tissues such as uroepithelial cells, in the absence of the ability to elaborate virulence factors requisite for systemic invasion, may promote only superficial localized colonization or infections. Since most GRPA isolates recovered from our institution originate from wounds, sputum, or the urinary tract, the failure of these isolates to disseminate, particularly in the severely immunocompromised patients colonized with such strains, might result from changes in the outer membrane which allow for enhanced colonization but a concomitant reduction in invasive potential. The fact that 65% of the studied GRPA failed to agglutinate in monospecific sera supports alterations in the outer membrane antigens which may be associated with invasiveness. Further studies involved in the interplay of the surface determinants of GRPA and invasiveness are needed to more fully understand their potential role in the disease process.
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